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a re  g radua l  save one, which i s  a c a t a s t r o p h i c  e x t i n c t i o n  o f  t e r r e s t r i a l  
o r i g i n .  These e x t i n c t i o n s  show a cont inuum o f  env i ronmenta l  i n s u l t s  
from major  t o  minor .  The major  causes o f  t hese  e x t i n c t i o n s  a re  p o s i t i v e  
and n e g a t i v e  e u s t a t i c  sea l e v e l  changes, temperature,  o r  e c o l o g i c a l  
c o m p e t i t i o n .  E x t r a t e r r e s t r i a l  causes should n o t  be p o s i t e d  w i t h o u t  p o s i t i v e  
a s s o c i a t i o n  w i t h  a s t r a t i g r a p h i c a l l y  sharp e x t i n c t i o n .  
The C r e t a c e o u s l T e r t i a r y  t e r r e s t r i a l  e x t i n c t i o n  i s  c o n s i d e r a b l y  
s m a l l e r  i n  percentage o f  e x t i n c t i o n  than  t h e  mar ine e x t i n c t i o n  and i s  
spread over  10 m.y. o f  t h e  Cretaceous and 1 m.y. o f  t h e  T e r t i a r y .  60 
p e r c e n t  o f  t h e  30 d inosaurs  i n  t h e  n o r t h e r n  g r e a t  p l a i n s  o f  t h e  U.S. 
and Canada had become e x t i n c t  i n  t h e  9 m.y. b e f o r e  t h e  l a t e  M a a s t r i c h t i a n  
sea l e v e l  drop ( 1 ) .  Out o f  93 species of v e r t e b r a t e s  1 m.y. b e f o r e  t h e  
end o f  t h e  Cretaceous (as  determined by  p o l l e n  and t h e  i r i d i u m  l a y e r ) ,  
25 p e r c e n t  became e x t i n c t  d u r i n g  t h e  2 m.y. s t r a d d l i n g  t h e  K / T  boundary. 
These i n c l u d e  t h e  l a s t  12 genera of d inosaurs,  10 species o f  mammals, 
and 2 t u r t l e s .  T h i s  e x t i n c t i o n  i s  n o t  sharp, b u t  cont inuous over  t h e  
d u r a t i o n  o f  magnetochron 29r ,  w i t h  new mammals m i g r a t i n g  i n t o  N o r t h  
America as a r e s u l t  o f  t h e  l a t e  M a a s t r i c h t i a n  lowered sea l e v e l .  These 
new mammals a c t i v e l y  competed w i t h  t h e  n a t i v e  N o r t h  American mammals 
and t h e  h e r b i v o r o u s  d inosaurs  f o r  food.  Very r a p i d  d i v e r s i f i c a t i o n  of 
t hese  immigrants  l e a d  t o  a species by  species e x t i n c t i o n  o f  b o t h  d inosaurs  
and some n a t i v e  Cretaceous mammals, documented by  a c a r e f u l l y  dated 
sequence o f  l o c a l i t i e s  s t r a d d l i n g  t h e  K / T  boundary. The l a s t  d inosaurs  
i n  Montana occur i n  4 l o c a l i t i e s  i n  t h e  f i r s t  0.2 m.y. o f  t h e  Paleocene 
(1 ,Z ) .  The l a t e s t  d inosaurs  i n  South China occur i n  rocks  conformably  
o v e r l a i n  by  rocks  w i t h  mammals o f  N o r t h  American a n c e s t r y  no e a r l i e r  
t han  magnetochron 28r ,  a f u l l  m i l l i o n  yea rs  a f t e r  t h e  K / T  boundary ( 3 ) .  
No o t h e r  sequences have been i n v e s t i g a t e d  i n  s u f f i c i e n t l y  c l o s e  d e t a i l  
t o  bear on t h e  r a p i d i t y  o r  t i m i n g  o f  t h e  t e r r e s t r i a l  K / T  e x t i n c t i o n .  
The b e s t  d a t a  on t h e  Permo-Tr iass ic  t e r r e s t r i a l  e x t i n c t i o n  a re  
from t h e  Karoo b a s i n  o f  South A f r i c a .  T h i s  i s  a s e r i e s  o f  6 e x t i n c t i o n s  
i n  some 8 m.y., reco rded  i n  some 2800 meters o f  sediment (4 ,5 ) .  P r e c i s i o n  
of d a t i n g  i s  enhanced by t h e  h i g h  r a t e  o f  accumulat ion o f  t hese  sediments.  
The faunas a re  dominated by t h e r a p s i d s .  Each o f  t h e  e x t i n c t i o n s  occu r red  
r e l a t i v e l y  r a p i d l y ,  and was e c o l o g i c a l l y  s i m i l a r ,  i n v o l v i n g  t h e  l o s s  
o f  f r o m  10 t o  20 p e r c e n t  o f  t h e  genera. I n  each e x t i n c t i o n  those  d i sappear -  
i n g  i n c l u d e  t h e  l a r g e s t  animals,  b o t h  c a r n i v o r e  and h e r b i v o r e ,  and those  
w i t h  t h e  fewes t  number o f  advanced mammalian c h a r a c t e r s .  Each e x t i n c t i o n  
was f o l l o w e d  by a r a d i a t i o n  o f  t h e  s u r v i v o r s  which developed new mammalian 
c h a r a c t e r s .  The r e s u l t  o f  s e q u e n t i a l  e x t i n c t i o n s  and r a d i a t i o n s  was 
t h e  r a p i d  f o r c i n g  o f  t h e  mammalization o f  t h e r a p s i d s .  F u l l y  50 p e r c e n t  
of t h e  mammalization o f  t h e r a p s i d s  took p l a c e  d u r i n g  t h e  8 m.y. o f  t h e  
T a t a r i a n .  Mammalian f e a t u r e s  developed were those t h a t  i nc reased  a c t i v i t y  
and were w e l l  s u i t e d  t o  t h e  development o f  homoiothermy, o r  an independence 
from low temperatures.  C y c l i c  c l i m a t i c  temperature f l u c t u a t i o n s  would 
appear t o  r e p r e s e n t  t h e  causes o f  t hese  m u l t i p l e  e x t i n c t i o n s .  
Few d a t a  a re  r e a d i l y  a v a i l a b l e  on t h e  t i m i n g  o f  t h e  mar ine  Permo- 
T r i a s s i c  e x t i n c t i o n ,  due t o  t h e  v e r y  r e s t r i c t e d  number o f  sequences 
B i o s t r a t i g r a p h i c  case s t u d i e s  o f  s i x  major  e x t i n c t i o n s  show a l l  
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o f  T a t a r i a n  mar ine  rocks .  Owens ( 6 )  rev iewed a l l  Permocarboni ferous 
t r i l o b i t e s .  T r i l o b i t e  genera f r o m  t h e  beg inn ing  t o  t h e  end o f  t h e  Carbon- 
i f e r o u s  averaged 10 t o  11, r o s e  t o  13 i n  t h e  E a r l y  Permian, t o  18 i n  
t h e  Kazanian, a f t e r  t h e  southern hemisphere g l a c i a t i o n  was over ,  b u t  
dropped t o  6 i n  t h e  T a t a r i a n  w i t h  none i n  t h e  l a t e s t  T a t a r i a n .  T h i s  
suggests a p ro longed  e x t i n c t i o n  o f  over  8 m.y., w i t h  t h e  p r i m a r y  cause 
t h e  e u s t a t i c  sea l e v e l  drop assoc ia ted  w i t h  t h e  assembly o f  Pangaea. 
t a k i n g  p l a c e  over  about 0.5 m.y. The most s i g n i f i c a n t  aspect o f  t h i s  
e x t i n c t i o n  i s  a e u s t a t i c  sea l e v e l  l o w e r i n g  assoc ia ted  w i t h  a major  
ep isode o f  g l a c i a t i o n .  New d a t a  on t h i s  e x t i n c t i o n  i s  t h e  r e d u c t i o n  
f r o m  6 1  genera o f  t r i l o b i t e s  i n  N o r t h  America t o  14, f o r  a 77 p e r c e n t  
e x t i n c t i o n .  The magnitude o f  t h e  sea l e v e l  drop can be i n f e r r e d  f r o m  
s t r a t i g r a p h i c  changes i n  t r i l o b i t e  b i o f a c i e s  on A n t i c o s t i  I s l a n d  and 
t h e  t i p  o f  t h e  Gaspe p e n i n s u l a  i n  Quebec. Richmondian faunas suggest 
a depth g r e a t e r  t han  200 m, w h i l e  Gamachian t e r m i n a l  O r d o v i c i a n  genera 
suggest a depth o f  c i r c a  50 m f o r  a drop o f  about 150 m. T h i s  i s  compa t ib le  
w i t h  t h e  normal e u s t a t i c  drop assoc ia ted  w i t h  a g l a c i a t i o n  ( 7 ) .  The 
o t h e r  major  e x t i n c t i o n  i n  t h e  O r d o v i c i a n  i s  t h e  mid-Whi terock ian e x t i n c t i o n  
w i t h  a gradual  drop i n  t r i l o b i t e  genera o f  35 p e r c e n t  ove r  a 5 m.y. 
p e r i o d  s t a r t i n g  a t  73 genera a t  484 m.y., rema in ing  low i n  d i v e r s i t y  
a t  47 t o  50 genera u n t i l  471 m.y., b e f o r e  r i s i n g  t o  a peak o f  107 t r i l o b i t e  
genera a t  465 m.y. T h i s  l a s t  i s  27 m.y. b e f o r e  t h e  te rm inus  o f  t h e  Ordov ic ian ,  
sugges t ing  Raup and Sepkosk i ' s  ( 8 )  c y c l i c  e x t i n c t i o n  hypo thes i s  i s  n o t  
o p e r a t i v e  d u r i n g  t h e  Ordov ic ian .  T h i s  11 m.y. i n t e r v a l  o f  r e l a t i v e l y  
low d i v e r s i t y  i s  assoc ia ted  w i t h  t h e  major  w i thd rawa l  o f  t h e  sea f r o m  
t h e  c r a t o n  t h a t  separates t h e  Sauk and Tippecanoe sequences. 
American c r a t o n  occurs a t  454 m.y. i n  t h e  fo rm o f  a c a t a s t r o p h i c  e x t i n c t i o n  
due t o  a v o l c a n i c  e r u p t i o n  which b lanke ted  t h e  U.S. e a s t  o f  t h e  Trans- 
c o n t i n e n t a l  Arch. The volume o f  t h i s  e r u p t i o n ,  t h e  Deicke K -Ben ton i te ,  
i s  es t ima ted  t o  be about 1000 c u b i c  km ( 9 ) .  T h i s  ash i s  cons ide red  t o  
be t h e  B l a c k r i v e r / T r e n t o n  boundary, t h e  t r i l o b i t e  e x t i n c t i o n  i s  f r o m  
86 t o  68 genera, 21  pe rcen t .  T h i s  i s  t h e  o n l y  o t h e r  s i z e a b l e  e x t i n c t i o n  
i n  t h e  Ordov ic ian .  
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